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CHRISTMAS: DIAGNOSIS
Lead poisoning as possible cause of deaths at the Swedish
House at Kapp Thordsen, Spitsbergen, winter 1872-3
Ulf Aasebø, professor of lung medicine,
1,2 Kjell G Kjær, retired historian
3
ABSTRACT
ObjectiveToinvestigatecause ofdeath in 17sealerswho
died in the Swedish house in Kapp Thordsen,
Spitsbergen, during the winter of 1872-3.
Design Analysis of skeletal samples from one sealer’s
grave.
Setting Field trip to Spitsbergen to exhume skeletal
remains.
Subjects One of 17 sailors who died in 1872-3.
Results No objective signs of scurvy were found. The
concentration of lead in the bone samples was
102.05 µg/g.
ConclusionsThehighconcentrationsofleadindicatethat
this man died from lead poisoning, probably from food
tins.Theabsenceofmacroscopicsignsofscurvysupports
this theory.
INTRODUCTION
In September 1872 six sealing vessels from Tromsø
were north of Spitsbergen at the Grey Hook (Grahu-
ken). A northern gale closed the bay with ice, trapping
the six ships and 59 sealers with the prospect of “over-
wintering” with few provisions. At the same time,
Adolf Nordenskiöld, the Swedish explorer,
1 was set-
ting up his winter quarters, “Polhem,” at Mossell Bay
(Mosselbukta)(fig1).Hisshipswerealsotrapped,leav-
ing him with a critically low food reserve.
Seven of the stranded sealers crossed the ice, some
50 km, to ask Nordenskiöld for help. He was able to
helpsomebutadvisedtheotherstospendthewinterin
the Swedish house at Kapp Thordsen in Isfjorden
(fig 2). Thehouse had been set upin the previous sum-
mer by a mining company that aborted their project
because of poor harbour conditions and was well
stocked with tinned food.
23 Axel Envall, Nordens-
kiöld’s physician, advised the sealers on how to avoid
scurvy.
4 The 17 men then rowed some 350 km and
reachedthehouseinsevendays,on14October.Mean-
while,theicebrokeup,andtheremainingtrappedsea-
lers escaped in two ships. Two chose to stay with the
remaining ships and died from scurvy in April 1873.
4
The men at Kapp Thordsen hunted polar bear and
reindeer until the arctic night descended and then
relied on the stored food. Through a diary they
recorded all food consumed, weather conditions, sick-
ness, and death but gave no details regarding symp-
toms of disease.
5
On 2 December, two men were reported as sick; by
Christmas,they were all sick. On 19 January, two men
diedafter“hardsickness.”TwomorediedinFebruary,
five more in March,
5 and the last one probably just
before they were found on 16 June by members of a
hunting expedition from the mainland who wanted to
visit them.
67The first two men who died were buried.
The next five men to die were left outside under a
tarpaulin,
67six were found in an adjoining room, and
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Fig 1 |Map of the north western part of Spitsbergen, showing
the rowing route
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BMJ | ONLINE FIRST | bmj.com page 1 of 4the remaining in the living quarters. The rescue team
buried them in a common grave.
67Their deaths were
attributed to scurvy due to laziness and bad leadership
in allowing scurvy to occur despite an ample food sup-
ply and the means to prevent it, and the men were left
little honour.
7
In1845,AdmiralJohnFranklinsetoutwith129men
andtwoshipstofindthenorthwestpassage.
8Theytook
large amounts of tinned food. The expedition was
equipped for four years but was never heard from
again. Final evidence of the disaster came in 1859,
when a written account of their ordeal was found in a
crumbleofstones.
9Theshipshadbeenwreckedbyice,
and the men eventually started to walk south, dying as
theywalked.Inthe1980sateamfromAlbertaUniver-
sity exhumed three sailors buried in permafrost at the
expedition’s winter quarters and found high concen-
trations of lead in hair samples.
8 Bones from crew
members, found scattered along the track, showed
high concentrations of lead, while Inuit bones did
not.
10 The conclusionwas that the sailorshad lead poi-
soning, possibly leading to their death.
10
Having pieced together the events in the Swedish
house in 1872-3, in light of the Franklin disaster, we
saw the similarities. In 2007 we discovered a pre-
viously unregistered two man grave, 540 metres from
thehouse.Throughadamagedcorner,cervicalverteb-
rae were visible and accessible for lead analysis. Sev-
eral hundred empty tin cans were scattered behind the
house (fig 3). The inside solder was evident, and many
cans had “icicles” of solder on the sides (fig 4). The
discoveryofthetincanswithlead/tinsoldersupported
ourhypothesisthatleadpoisoningmighthavecontrib-
uted to the deaths.
METHODS
Sample extraction
We applied for permission to open the two graves to
take specimens for lead analysis and inspection of
bones for signs of scurvy.In August2008, we revisited
thesiteandsampleda1×1cmpieceofsolder.Weduga
shaft 50×50 cm in the upper partof the common grave
and encountered wooden planks 60 cm down. Under-
neath we met an ice block. The bodies were in perma-
frost, and further exploration was abandoned.
Through the opening in the two man grave, we
extracted one humerus, one clavicle, two cervical ver-
tebrae, and a scapula; all from one skeleton. All bones
had smooth surfaces with no signs of subperiosteal
bleeding (scaling). Two needle biopsies were taken
from the head of the humerus and the body of a cervi-
cal vertebra (fig 5). From the grave and from the earth
outside (as control) we took swabs for culture of Clos-
tridium botulinum and stored it in a sterile transport
medium (Sarstedt, D-515588 Nϋmbrecht). Thebiopsy
samples were examined at the National Institute of
Occupational Health, Oslo, and the bacteriological
sampleswereculturedattheNationalVeterinaryInsti-
tute, Oslo.
Preparation and analysis of bone samples
Air dried bone samples were added to 1 ml of 65%
ultrapure nitric acid (Chemscan, Elverum, Norway)
in a polypropylene digestion tube. The sample was
digested by heating the tube to 95
ºC for one hour.
The digest was cooled to room temperature and
200 μl of an internal standard solution containing
thallium-90 for various lead isotopes was added and
diluted to a final volume of 5 ml with ultrapure water.
We analysed the digested bone sample with induc-
tively coupled plasma sector field mass spectrometry
(ICP-SF-MS) with an Element 2 mass spectrometer
(Therma Electron, Bremen, Germany) calibrated
with nitric acid matched aqueous standard solution.
The instrument was programmed to determine lead
by use of the various isotopes at low mass resolution.
Thedetection limit(3 SD ofall blank samples)for lead
in bone was 1 ng/mg if a sample mass of 1 mg was
used.
11
RESULTS
We found no macroscopic evidence of scurvy. All
bone surfaces were smooth with no scaling or
enhanced ridges. The bone samples weighed 33 mg
and contained 65 μg/g of lead. As this is dry bone, the
figure should be multiplied by a factor of 1.57, giving
the actual level of lead content of 102.05 μg/g.
12 The
lead content of the solder was 40%. The culture for C
botulinum was unsuccessful because of overgrowth of
other bacteria.
Fig 3 |The heap of tin cans behind the house
Fig 2 |The Swedish house viewed from the common grave
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ThoughthedeathsofthesealersinKappThordsenhave
been attributed to scurvy, our research indicates that
lead poisoning was a more likely cause. Scurvy, caused
by lack of vitamin C, was a plague of seafarers until its
prevention was discovered in 1753, and intake of lime
juicewasimplementedintheBritishnavyin1795.
13The
disease causes disintegration of connective tissue and
canbevisualisedmacroscopicallyinskeletonsofpeople
who have died from scurvy. The subperiosteal bleeding
leads to diagnostic scaling of the bone surfaces and
enhanced ridges of the muscle attachments.
14 The pre-
ventionofscurvyhadbeendocumentedasearlyas1816
in arctic Norway, where sealers and fishermen used
“scurvy grass” (Cochlearia officinalis).
15
The sealers at Kapp Thordsen had received instruc-
tionsonhowtoavoidscurvy,sowethinkitanunlikely
cause of their deaths, particularly we found no signs of
previous subperiosteal bleeding. As it has been postu-
lated that botulism might have caused the deaths of
those in the Franklin expedition
16 we tested for this
but did not succeed in culturing the bacteria.
Lead poisoning
Lead is a poisonous heavy metal that has acute and
chroniceffectsonthebody.Metallicleadispoorlydis-
solved in an alkaline environment but is readily
dissolvedinacid.Afterabsorptionitisdepositedinthe
skeleton.
1718Accordingtotheinventorylist,themenat
Kapp Thordsen consumed large amounts of tinned
food. They probably reheated the tins on the stove,
exposing the lead alloy to acid and dissolving the lead
in the food.
19
Lead poisoningtypically leadsto stomachpainsand
cramps, anorexia, weight loss, a blue line of the gingi-
val margin, neuropathy particularly affecting the
extensor muscles, joint pain, and a curious condition
called “debility”—inertia and complete loss of incen-
tive and interest.
20
The content of lead in our samples was 102.05 μg/g.
Samples of soil from outside the burial grounds
showed 16 μg/g of lead. The lead content in the
bones from the Franklin expedition ranged from 97.6
to188.6μg/g,accumulatedoveraboutthreeyears.
10In
our case, the lead accumulated over a few weeks. The
first men were sick by 2 December. As the accumula-
tion of lead in bone occurs slowly, at a rate of 1 mg a
yearifthebloodconcentrationis1.8μmol/lincasesof
chronic lead poisoning,
21 our victim must have had
high blood concentrations of lead. To our knowledge,
there are no cases in the literature examining simulta-
neous blood and bone concentrations of lead. The
blood concentrations must therefore be extrapolated.
In the Franklin expedition, if half the bone lead con-
tent had been accumulated during the expedition, the
cumulative blood lead concentration over this time
must have been 29.0-75.5 μmol/l, giving a mean con-
centration of 29.0-24.2 μmol/l.
10 This is three to 10
times higher the recommended upper concentrations
of lead in the blood to prevent neurological damage.
21
When our “patient” had accumulated 102.6 μg/g in
13-14 weeks, he must have been suffering from acute
as well as subacute lead poisoning.
Interpretation
The evidence gives strong indications that our
“patient” died of lead poisoning. The other man in
thegravealsoprobablysufferedthesamefate.Possibly
lead poisoning, because of its “debilitating” effect and
anorexia, worked with other factors, contributing to
the men’s deaths.
We thank Tora Hultgreen of Svalbard Museum, Einar Johansen of the
Polar Institute, Yngvar Thomassen of the National Institute of
Environmental Health, and the National Veterinary Institute for their
contributions towards this expedition. A more extensive version of this
paper is in press with Polar Record.
WHAT IS ALREADY KNOWN ON THIS TOPIC
Early tinned food contained up to 50% of lead in the solder
Thishasbeenlinkedwithseriousdiseaseanddeathcaused
by lead poisoning
Arctic expeditions have been particularly susceptible
WHAT THIS STUDY ADDS
Leadpoisoningmightbethecauseofunexplaineddeathsin
the arctic areas
Fig 5 | Extracting samples from the grave; note the smooth
surface of the bones
Fig 4 | Detail of one of the tins, showing “icicles” of solder on
the inside
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